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1~esearch Findings Resulting from this Grant

The research program carried out over the previous three year
period in our laboratories was divided into four interrelated areas. The
progress made in eac h area is summarized below.

1. Electrode Kinetics in the Presence of Litt le or no Sup~~~ti~~’ Elect~~de.

in experiments des igned to determine the origin of the puzz ling effects
of ionic strength on the spcc~fi~ adsorption of ~nost anlooS on positively
charged mercury electrodes - we confir ined~ the previous reports that
as the ionic strength of solutions of a single salt is luwe~’ecl t Iie anion
adsorption adj usts iLs~ lf so that the negative ionic charge due to the adsorbed
anions just matches the positive electronic charge on the electrodes . Our
experimental results led us to suggest that in sufficiently dilute soiut i~ns
of many sim~ 1o salts such as NaC 1, NaBr , NaC1O1, NaN O~, and N aN~, the
diffuse portion of the electrical double laye r m ;jh t be eliminated by mea ns
of this  self—imposed delicate balance between ionic and electronic charges
on the electrode surface. ~ This possibility for eliminating d iffuse double
layers was pursued because it offered the hope of ConsIderal ) le s~mp lthcat ion
in electrode kinetic measurements where w~certainties in making ‘‘ihf ~use
double layer co ~r e2L.i o1;s” are u~L etL the source of very i: i r~e iJi1 ~~~t t a1nhiCS
in the kinetic parameters evaluated. Subsequent experiments b , ~ l~ave
confirmed the very close matches between positive electronic and adsorbed
anionic charges with pure salt solutions at iOniC sLre1 ) : ths below ibout lO~~M. However , even small mismatches between the two kinds of sur face charges
(e.g. , 0. 1 — 0. 2 j~C cm 2 ) result in relatively large p~ ien ti:i1 drOp S ~C~ OSS
the diffus e layer (e .g. , 10 — 50 mV) at the low ionic st reft ~~hS ~~ ieire d to
produce the trend toward matching of the charges. Near miss~~ t u rn out
to be more 1fl:eiy than exact niat ches so that rue e l i W j ! ;~t~ofl et th e diffuse
layer is rarely achieved. However , i~ the cour se ot the CX P O L i n I C I L t S  which
had lead to this conelu :;ion a number of heretofore Unr ecognized  speets of the
behavior of ftc diffus e double layer at low Ion ic  strength ~ h lVC cemO to lig ht and
those are described and analyzed in re ferenc e 6.

2. Elcctroc heni ic i Char acterizat ion of ~eactant s ~‘Jt:o hcd to Electr ode
Surfaces .

In previous studies ‘,~,‘e have made extensive use of the double pote ntial—
step chronocoulonictric technique8 t ’  assay the con en~ratrons of reactants

3 adsorbed on electrode surfaces . Althoug h h i s  ~echmque pvo vidc c4 a rap id and
r el ianlo surface analys is , it is ne t (1CS~~~~flI d to probe L i e  detailed t t ’~ t t O — .
chemical beh avior of the adsorbed reactaii~ S because iho clectsode ~o!:~.nti a1
i:; necessa r ily restrlcte(I to vall u :; far  fro ’n the poi nt at: which  react ants first

t begin to show electrochcniic~: I act ivi t y.
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In recent work we have adap ted the well known analytical  t echnique
of differentia l pulse v o]t amn) e try  (po)arography) 9 1 ’  for use in examining
the electrochemistry of adsorbed reactants. This technique delivers the
elcctrochcmical response at potential s near the polarographic half — wave
potential or I he cyclic vol tamm ctr ic  peak p’)teIIti a l  so tha t  behavioral
differences among reactants can be r ead i ly  in spected . Of l)a1~icula r value
has been the abi lity of the differentia l pulse technique to monitor the electro—
chemical responses of a si iigle inonolayc r of reactant at tached i rn ye rs i bly toelectrode surfaces . 10 This capability offer s flun ]t~rous opport un it i e s  for fu r the rexploitation in studies of the surface chemistry of electrodes constructed fr om avariety of materials .
3. Improved instrumentation for Experimenta l  Electrode Kinetics

We have devoted a considerable effort to the construction and
testing of a charge-injection (coulostatic 12) apparatus which incorporates
a Bioin ation transient recorder which is linked , in turn , to a minicomputer.
The objective has not been the conventional attempt to see how large an
electrode reaction rate could be measured. Instead , the instrument has
been utilized in studies of reaction kinetics in solutions containing very
little supporting electrolyte where problems with large u.ncompensated
resistances require that kinetic dat a be obtained from open circuit measure-
ments . The apparatus is also well suited for kinetic measurements with
reactants that are confined to the electrode surfaces because of the large
transient currents that result in such cases, even with reactant s which
yield much smaller rates when they are examined in homogeracous solution.
For example, a one-electron reactant with a rate constant as small as lO~~cm sec ’ which produces a current of Ca. 106 amp cm 2 from a ini llimolar
solution would yield a transient current of Ca. 2 x 102  amp cm-2 if it exhibited the
same relative reactivity when present in the form of a monolayer (—~ lO~~moles cm 2) attached to the elect rode surface. Such large currentspresent experi-
mental difficulties because of the inevitable presence of some uncompensated
resistance even in the presence of supporting electrolyte. Open circuit
(coulostatic) measurements avoid this source of difficulty and this is thechief reason that the coulostatic apparatus has been constructed for use inkinetic measurements with adsorbed reactants .

4. Electrode Kinetics with Adsorbed Reactants

Our con,t1jnuing efforts to deal with both the theory ’3’ 14 and experimentalmeasurement~~’ 16 of electrode kinetics with reactants attached to electrode
surfaces result from the conviction that failure to take account of the chemistry
of electrode surfaces is likely to lead to inadequate understanding of electrode
processes as well as unrealized potential for electrocatalysis of sluggish
reactions . Considerable progress has been achieved , particularly with respect
to a more detailed lormulation of acceptable rate law ’s for reactions Involving
adsorbed reactants ~ and new experimental tactics for distingu~~h~n,g betweenkinetic contributions from adsorbed and unadsurbeci ~ ~ a~ io Experi-mental measure ment of the adsorption and desorpt ion rates of one class of
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St rongly adsorbing reactants has also proved possib1e~
1 and some chemical

factors which may be responsible for the slow establishnient of adsorption
equilibrium hav e been suggested.
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